Purpose of this paper-To describe the need for and realization of a new kind of interface for searching and obtaining library materials, an interface designed around user needs and decoupled from, though interoperating with, current library systems.
Introduction
This paper is the second in a series of two that together describe the need for-and realization of-a new kind of interface for searching and obtaining library materials, an interface designed around user needs and decoupled from, though interoperating with, current library systems. The first paper, "Time for a change: new approaches for a new generation of library users" (Sadeh, 2007) , explores current trends in information seeking, defines and describes factors that contribute to an up-to-date, user-centric library experience, and examines the movement of vendors and libraries toward realizing such a library experience. This paper, the second and final in the series, describes a new approach to creating an environment that encourages users to explore their library collections. The approach is demonstrated through a case study based on the Primo ® discovery and delivery system from Ex Libris, a library interface designed with this new approach in mind.
What do users expect from a library interface?
An examination of user surveys (OCLC Online Computer Center, 2005 Akselbo et al., 2006; Law, 2007; Mele, 2007) First, users clearly prefer familiar and easy-to-learn discovery interfaces. The typical searcher relies on the Internet to find many types of content-not just scholarly information-and to accomplish many everyday tasks; hence, such users expect scholarly interfaces to provide an experience similar to the interfaces with which they are most familiar.
Indeed, more and more information services in the scholarly environment, such as Scirus [2] , PubMed [10] , and JSTOR [11] , are now providing a query interface that is similar to that of Google: one search box, where users can enter one or more terms, on which the search engine performs a keyword search; and an advanced search interface, which is more comprehensive and allows better control over the search. and University College London [15] .
In addition to an intuitive interface, users expect to find results rapidly and in a way that does not require precision searching. For example, informal observation suggests that users expect the system to overcome incorrect or alternative spellings and to handle multiple forms of a word, such as the singular and plural.
Other issues that affect users' preferences are the kind of materials that a specific resource offers and the breadth and quality of the resource. People are attracted to Web search engines because these provide materials of multiple types-online books, online articles, Web sites, images, videos, conference presentations, and more-all in one place. The alternative approach, offered by many academic institutions, forces Tamar Sadeh, Ex Libris the user to repeat the search in more than one information resource to obtain multiple types of materials. In a report prepared in February 2006 for Denmark's Electronic Research Library (DEFF), The hybrid library: from the users' perspective, librarians observed that "the problem with the databases is that you can't content yourself with just searching one place, like you can with Google. It is hard for the students to differentiate between the different databases" (Akselbo et al., 2006) .
On the other hand, many users prefer searching in the scholarly information resources, because the quality of the materials has been verified by the publisher of the materials and confirmed by the institution's selection of these resources. The initial results of a recent survey conducted at the European organization CERN regarding their users' perception of information systems related to high-energy physics show that 93% of the scientists consider the depth of the resource coverage very important, and 91% of them indicated that the quality of the content is very important (Mele, 2007) . The OCLC Online Computer Library Center survey shows that college students have similar preferences (OCLC, 2006) . When asked how they decide which electronic information source to use, 82% of the students marked "Provides worthwhile information" as the leading criterion, and 73% marked "Provides free information" and "Provides credible/trustworthy information." When asked to judge the trustworthiness of information, 31% of the students felt that the information that they obtain from library sources is more trustworthy than the information from search engines, and 53% consider the two sources equally as trustworthy; nevertheless, 16% of the students indicated that search engines in general provide information that is more trustworthy than that of libraries, and 6%
felt that Google, specifically, provides more trustworthy information than libraries. In another survey, conducted by ProQuest and encompassing responses from 5,000 Tamar Sadeh, Ex Libris ProQuest users, the results were unequivocal: almost 80% of the respondents thought that ProQuest "has better quality and credibility of content" when compared to Google; more than 30% thought that ProQuest "has more current content"; almost 60% said that it "has more useful search results"; and about 80% preferred it "for academic research and course assignments" (Law, 2007) .
Because users see the discovery process as a means to obtain the material, they value a system's ability to electronically deliver any type of material. In the CERN survey, for example, 95% of the scientists indicated that access to full text is very important when they are selecting an information resource (Mele, 2007) .
Recommendations from fellow users, provided in different ways, play a significant role in the choice of information resources and materials. According to the OCLC survey, more than 65% of the students polled reported that they learn about new information resources from a friend; 50% learn from a teacher, 36% from the library's Web site, and 33% from a librarian (OCLC, 2006) . The DEFF field study "identified three key strategies that users utilize for selecting literature: by getting recommendations from colleagues, advisors, or fellow students; by exploratory work in bibliographies and references from previously known works; and by using various net-based services (e.g., Google)" (Akselbo et al., 2006) . Many of the changes that were introduced by Internet services in the last few years are described as adhering to the Web 2.0 concepts of building on the Internet as a platform for user collaboration and sharing. Libraries, for their part, often express the way in which Web 2.0 applies to their services as "Library 2.0": "The heart of Library 2.0 is user-centered change. It is a model for library service that encourages constant and purposeful change, inviting user participation in the creation of both the physical and the virtual services they want, supported by consistently evaluating services. It also attempts to reach new users and better serve current ones through improved customer-driven offerings. Each component by itself is a step toward better serving our users; however, it is through the combined implementation of all Tamar Sadeh, Ex Libris of these that we can reach Library 2.0" (Casey and Savastinuk, 2006) . Meanwhile, however, Library 2.0 remains just a goal for libraries to strive toward.
Decoupled architecture
Current systems in libraries fall short when the user experience that they provide is compared with that of popular services on the Web. However, libraries are better equipped to satisfy user needs when it comes to other criteria, such as the quality and relevance of their collections, the rich metadata they offer for accurate searching, the services they can tailor for their users, and the control over the overall workflow, terminology, and look and feel of their application. By leveraging their unique qualities and providing a better user experience, libraries are likely to offer discovery and delivery services that will best suit the users' expectations and needs (see Sadeh, 2007) .
Implementing new end-user interfaces for systems in the library is not a simple task
and cannot be successfully achieved by only making improvements to current interfaces. The first problem is that today's library systems are inherently librariancentric; their design in terms of data structures and workflows is focused on library administration and hence severely limits the possibilities for the end-user interface.
Second, existing library collections are fragmented, offered by multiple library systems, each of which focuses on specific types of materials-physical items, locally digitized materials, remote e-journal collections, or others. Hence, libraries cannot present a unified entry point to their many types of offerings, unless an interface that overarches the multiple library collections is implemented. Tamar Sadeh, Ex Libris
Several stakeholders-libraries and vendors-have embarked on a path toward creating a better user experience (see Sadeh, 2007) . The library solutions deriving from this new path are based on "decoupled" architectures: whereas existing systems in the library, such as the integrated library system and digital asset management system, will continue to serve librarians as management tools, the user-experience layer is developed as a separate platform. In a recent posting on his blog, Lorcan Dempsey explains that "the discovery experience does not have to be tied to the inventory management system… Discovery of the catalogued collection will be increasingly disembedded, or lifted out, from the ILS system, and reembedded in a variety of other contexts" [17] .
This decoupling not only provides the capability to create a better user experience for a given collection but also unifies the discovery processes across heterogeneous collections. The new solutions can harvest data from multiple repositories and create a single index. As Dempsey puts it, "…there will be a growing desire to hide boundaries between databases (A&I, catalog, repositories, etc) in some casesespecially where those boundaries are seen more to reflect the historical contingencies of library organization or the business decisions of suppliers than the actual discovery needs of users" [17] . However, although these new solutions can harvest and preprocess some of the collections, thus optimizing the search in such collections, libraries will still need to provide seamless access, through remote searching, to resources that are not necessarily harvestable-either because of licensing restrictions or because of the library's policies or technological capabilities.
Dempsey indeed envisions that "we will see greater integration of the catalog with these other resources, whether this happens at the applications level (where the catalog sits behind the resolver, or is a metasearch target), or at the data level Tamar . Although these products differ in many aspects, the basic functionality that they offer to users is similar.
The process of searching for and locating scholarly materials is the pivot around which the user experience is built. This discovery process is accompanied by a Tamar Sadeh, Ex Libris delivery mechanism to complete the user's quest for information. In addition, the system provides related services to enable users to save queries, set alerts, store records in various formats in the system or elsewhere, set their preferences, and perform other such tasks that facilitate their research.
Besides the straightforward discovery process that is described later, Primo-like similar products-includes new features to help users find materials and label the materials in a way that the users deem logical. Such features include search suggestions at various points: "Did you mean" alternatives related to the query, links from a given result to other, relevant results, search suggestions derived from the system's analysis of the search results, and features that are based on contributions from the community. Unlike traditional systems in a library, where the stream of information has usually been unidirectional, Primo and similar products are interactive; users can add information for their own benefit-for example, by tagging records to make them easily accessible at a later time-or for the benefit of the community, by reviewing and tagging materials to enhance the searching experience for other users. Once tags are available in the system, they can help users search the library collection according to the popularity or timeliness of specific topics.
Aiming for a successful search process
The main challenge in designing an effective search process is to create an interface that is as familiar and intuitive as the ones employed by Web search engines and other Internet tools but that serves the user better. Such an interface would yield results that are more appropriate to the user's needs and would offer immediate gratification by making items readily available in a variety of ways; these could include, for example, providing links to electronic materials, showing the locations Tamar Sadeh, Ex Libris where the user can pick up physical items, and enabling the user to submit requests related to items of interest.
The success of a search process depends on several factors: the research data available to the user, the search engine, the search interface, the user who initiates the process, and the order in which the results are returned. This section discusses these factors and, using the Ex Libris Primo discovery and delivery solution,
illustrates ways of addressing them.
The research data
Clearly, the research data available to the user needs to be as complete and relevant as possible. The Primo system addresses this requirement according to the library's specifications, by harvesting data from multiple resources regardless of the type of resource, its cataloging format, or its location (figure 1). Furthermore, although data elements may originate from heterogeneous repositories, the Primo system normalizes the harvested data (makes the data conform to one set of rules) and converts it into a unified format that is designed to fully support the task at hand-a quick, efficient, and friendly search process. Putting such an infrastructure into place is technologically possible today, and the Primo system follows others, such as
Google, that have led the way. Another challenge in designing a search process is to address the gap between the technological capabilities available for handling controlled, harvestable collections and those available for providing just-in-time access to remote resources through a metasearch (Sadeh, 2006) . The Primo system includes metasearching as an integral part of the user experience, sending the user's query to remote resources through a metasearch engine and integrating the results returned from these resources with the results obtained through a search of the local Primo indexes. Primo deploys the Ex Libris MetaLib ® metasearch system, using that system's application programming interface to provide seamless integration.
The search engine
The requirements for a search engine include a well-built infrastructure that will enable it to operate efficiently and rapidly. Addressing user expectations means not only that the system provides results instantaneously but also that these results are accurate. Furthermore, a search engine needs to support queries of various types and to allow users to employ the search interface as a query authoring tool for defining their needs as precisely as possible. Tamar Sadeh, Ex Libris
The search interface
The search process starts with the query interface, which enables users to express their search requirements and obtain and process the search results. The simpler the query interface, the more sophisticated the system needs to be, for it must enrich the query with additional information. For example, the Google search engine does not force the user to select Boolean operators when entering a multiword query, because the user is most likely seeking information that relates to all of the words, not to the query terms as one phrase. Similarly, Primo adds an implicit Boolean AND between the query words before performing the search. The search interface also displays the results along with various options that help the user process the results.
For a detailed discussion of the query and result-list interface, see the section "The Design of the search interface."
The researcher
Regardless of the complexity of the interface, the success of the search depends on the way in which researchers use the search interface to articulate their research needs. An interface needs to accommodate all users, no matter how they differ in their research needs, their expectations, and their search expertise. Furthermore, users tend to apply the searching methods with which they are already familiar and are not likely to invest time in mastering a new kind of search behavior.
The order of the results
The success of a search is measured not only by the documents that the search engine locates but also by the order in which it presents them. Because of the large Tamar Another issue is whether the display of a linear list of results is satisfactory. As Wang and Zhai explain, "The utility of a search engine is affected by multiple factors. While the primary factor is the soundness of the underlying retrieval model and ranking function, how to organize and present search results is also a very important factor that can affect the utility of a search engine significantly" (Wang and Zhai, 2007) . A Tamar Sadeh, Ex Libris search interface can present results in such a way that will help users understand the content of the result list and focus on the aspects that are relevant.
The design of the search interface
In a typical search process, users go through the following stages:
1. Defining and submitting a query 2. Examining the result list, which includes a brief description of each result 3. Refining the query, if necessary. In some cases, the user refines the query by adding search terms or by selecting an option from a set of refinements offered by the system. To address the needs and expectations of today's users, the design of the Primo interface adheres to the following principles:
• The information displayed on the screen is minimal, with the goal of satisfying a user's needs in the specific context.
• The default workflow and search options are appropriate for most of the users most of the time.
• Queries can be as simple or as complex as needed; complex options do not clutter the simplicity of the interface, and complexity is achieved in stages. Tamar Sadeh, Ex Libris
• The system offers post-search tools that help users focus on relevant items within the result list.
• The system suggests alternative routes for finding relevant information.
• No training is needed for searchers.
Defining a query
The Primo query interface is designed to offer three levels of complexity: for most users, most of the time, the query interface looks very simple; the users might notice a slight increase in complexity when they want to make a more specific query;
and the query interface becomes more complex for those who want all search options to be available.
The design uses two forms-one for simple searches, featuring a text box similar to the one offered by Google ( figure 3) , and the other, for advanced searches. Included in the simple search form are several options that enable less experienced users to frame their query more accurately without being intimidated by an advanced search form. These options allow the researcher to direct the search to specific metadata fields, specific types of material, and data that users have added to the information originating from the library, such as tags. Researchers can also choose to limit their search to a specific domain, such as a library collection or a group of databases. Tamar Sadeh, Ex Libris Because most of today's users are accustomed to the query syntax of Web search engines, the Primo search syntax was designed to resemble that of the Web engines:
the user can type one or more words, and the system interprets them as having an implicit AND between them. However, the user can employ Boolean operators and certain punctuation marks, such as quotation marks and parentheses, to create a complex query. Hence, the user's expertise, rather than the search interface, determines the complexity of the query.
Working with the result list
A user can search for "known" items, that is, specific items that the user has in mind and can identify when they are displayed, or "unknown" items, any items that satisfy the user's research needs. When a user searches for a known item-for example, a book recommended by an instructor-the first page of results is likely to display the item. In most cases, the result list is short, because the user has probably entered enough information for the system to identify the results accurately. However, a result list yielded by a search for unknown items might be very long, because users of scholarly information are not necessarily experienced searchers and might enter broad terms. Relevance ranking provides only a partial solution, because the relevance of items is not always well defined, and many of the results are likely to be equally as relevant to a broad query term. For example, a search for Renaissance art in a large library collection will probably bring up hundreds of results that have the same degree of relevance to the query. Tamar Sadeh, Ex Libris
Long result lists are not the only challenge that users face; sometimes their queries are ambiguous, so the result list may contain items that are very different from each other. For example, a user who types "mercury" as the search term has a certain context in mind, but the result list displays items from many areas, including astronomy, chemistry, mythology, the environment, and the seafood industry.
To address both the search for a known item and the search for unknown items, the Primo system presents the list of results, sorted by relevance, as the focal point of the screen and also provides the user with tools to refine the query (figure 4). The purpose of the information presented at this stage is to allow users to scan down the list quickly and identify items of initial interest. Because the user's goal is to obtain the actual material, the system displays the information that is most likely to answer this need, in the form of a "Get it" link. For example, the system can indicate that a physical item is in the library and thus offer a link to the detailed holdings page; if the item is out on loan, the system can offer a link to a reserve form. On the same screen, the user can easily modify the query, drill down to subsets of the result list, re-sort the results, and launch a new search based on the system's suggestions. The query remains at the top of the page, serving as a title for the result list, and the user can add search terms or modify the query in some other way. Tamar Sadeh, Ex Libris In many cases, the details given about an item, along with a statement of the item's availability, are sufficient for the user to decide whether the item is of interest or not.
If these minimal details are not sufficient, the user can navigate to a full-record display, which contains additional bibliographic information; various forms of community input, such as tags, ratings, and reviews; and information from resources outside the library that the library has decided to add to the bibliographic record, such as a table of contents or an abstract (figure 6). Furthermore, the user can start a new search for related items based on some of the information displayed, such as the subject. Tamar Sadeh, Ex Libris Figure 6 . Full-record display in Primo. Note the reviews, including ratings, and the tags.
The search process typically ends when the user has identified the items of interest and clicks the "Get it" link to obtain the actual material if it is available online, view information about the location of a physical item, or place a request for the item.
Other options enable the user to save results in various formats, send them by e-mail, push them to other user spaces such as the researcher's Connotea or del.icio.us account, or invoke related services that the library has selected and configured.
Evaluations of the user experience
The University of Minnesota (U of M), a Primo development partner, conducted two usability studies "to examine the usability of the PRIMO tool and to identify potential Tamar Sadeh, Ex Libris usability issues for its varied users" (Rosen, 2006) 
Goals
The usability studies attempted to answer the following questions:
• Are the users able to easily find a variety of library materials about a given topic?
• Are the users aware of the tools that the system provides for narrowing down or broadening a search and able to use them properly?
• At the end of the search, do the users feel confident that they have found the materials they need?
• Do the users apply the knowledge that they might have gained from using Amazon.com?
• How do the users rate the Primo system in comparison with the University of Minnesota catalog?
Participant sample
Eight users from various disciplines participated in each of the two studies. The participants in the first study consisted of one faculty member, five graduate students, and two undergraduate students. The second study's participants consisted of two faculty members, four graduate students, and two undergraduate students. Tamar Sadeh, Ex Libris equipment, which was calibrated before each session, permitted the team to observe what the participant was focusing on. [25] When the participant finished the computer tasks, the usability consultant conducted an interview to obtain feedback on the user experience and to find out what features the participant liked about the system. Next, the participant reviewed a desirability matrix that contained 44 adjectives, about 60% of which were negative and 40%, positive. From the matrix, the participant selected five adjectives that best expressed his or her view of the system, and gave the rationale for the choices.
Each session lasted up to 90 minutes.
Results and Conclusions
The participants reported that they found the interface friendly, easy to use, and easy to learn; in less than an hour, all the participants managed to complete the assigned tasks with minimal help and without any prior knowledge of the system. . Eye movements of a participant scanning a Primo screen (Arth, 2007) Keeping in mind the controversy surrounding the use of eye tracking in usability studies, we can cautiously infer from the scan pattern that the screen has no design problems;, the amount of attention that the participant paid to each element of the screen was appropriate to the function of that screen element and suggests that the location of the elements on the screen reflects their relative importance.
All the participants reported that faceted browsing is useful as a means of narrowing down the result lists and considered this tool one of the differentiating features Tamar Sadeh, Ex Libris between Primo and their library OPAC or other interfaces. Participants were also positive about the "Get it" service, the tagging capabilities, and the option to view only items that are available online or only items that are currently in the library (see the top left of figure 4). When asked to describe the Primo system, the participants selected terms such as "clear," "no distractions," "straightforward," "informative,"
and "efficient." Most participants said that Primo seemed easier to use than other systems with which they are acquainted (Rosen 2006 , Rosen 2007 .
During the sessions, the usability team and the Ex Libris observers identified a few minor usability issues, related mainly to terminology, icon design, the need for additional links and system feedback, and the manner in which the services were displayed. Because the studies were conducted early enough in the development process, the problems were rectified in the version that was released for general use in May 2007.
Conclusions
Until recently, the changes in the search experience on the Web were not reflected in library interfaces. While Internet services were providing users with friendly interfaces and a rapid response time, were being integrated with user spaces, and were enabling users to interact with each other, describe information as desired, and participate in creating information, libraries were still focusing on developing and maintaining content.
To catch up with user expectations and regain their clientele, libraries are starting to adopt new interfaces that bring together library collections and methodologies, on Tamar Sadeh, Ex Libris the one hand, and contemporary user experience elements, on the other. These new solutions are based on a decoupled architecture, drawing the line between the creation and maintenance of the data and the provision of that data to end users.
Several solutions are now available to bridge the gap between libraries and their users. Designed around the user's needs, such systems can serve as a feasible, robust model for the new approach.
